We investigated the changes on the mean trophic level of fish assemblages across 3 different spatiotemporal scales, before and after a massive escape event occurred off La 4 Palma (Canary Islands), which resulted in the release of 1.5 million fish (mostly 5
by different impacts, including species introduction, as assemblages within them are 70 expected to have a better conservation state (Stachowicz et al., 1999) . 71
72
In the Canaries, where finfish production in open-net cages during 2009 was 7,910 tons 73 (APROMAR, 2012) , European sea bass (Dicentrarchus labrax) and gilthead sea bream 74 (Sparus aurata) have been introduced in some of the islands where no natural 75 populations of these species existed (Brito et al., 2002; Toledo-Guedes et al., 2009). 76 That is the case of La Palma Island, where a massive escape event occurred between 77
December 2009 and January 2010. Repeated northwest sea storms generating waves up 78 to 6 meters height resulted in both lack of maintenance operations and increased 79 mechanical stress for aquaculture facilities (Ramírez et al., 2011; Puertos del Estado, 80 2012) . As a result, around 1.5 million fish (90% sea bass and 10% sea bream) were 81 released into the wild during that period (Ramírez et al., 2011) . A previous study 82 revealed that escaped fish entered a nearby (~15 km) MPA and their abundances within 83 were similar to those found in other areas of the island (Toledo-Guedes et al., 2014) . As 84 far as we know, this is the largest sea bass escape event documented to date worldwide. 85 86 We capitalize on this event to examine the potentiality of escaped fish to alter the mean 87 trophic level (mTrL) of fish assemblages in shallow coastal waters and discuss the 88 potential consequences of these changes. In particular we studied i) if fish assemblages 89 mTrL was affected by the massive escape of HTL fish, ii) if the magnitude in mTrL 90 alteration was related to the presence of a MPA and iii) the trophic role of escaped sea 91 bass in coastal waters. For that we analyse the spatiotemporal variation of mTrL before 92 and after the massive escape event, using the estimation of fish abundances and size by 93 visual census in shallow coastal waters, and additionally we studied the diet of fugitive 94 sea bass, in relation to size, through stomach content analysis. 95 protected area (MPA) is situated 15 kilometres to the south from fish farms. 104 105 A total of 6 localities (Fig. 1) , and three sites (n=6) in each locality, were sampled by 106 means of visual census (see next section), at different distances from release point (0.8 107 to 30 km). Three of the localities were situated in La Palma MPA, the other three, 108 outside the MPA, were considered as highly fished areas (HFA) following Sangil et al., 109 2013a (Pauly, 1998; CIESM, 2000) , 137
where the summation of trophic level of each species (TrL i-n ) recorded in the transect, 138 multiplied by their weight (W i-n ), is divided by the total weight amounted in the same 139 transect. Trophic levels for each species were recorded from FishBase (Froese and 140 Pauly, 2012 The latter allowed detecting differences in mTrL irrespective of the proven 157 environmental influence on fish assemblages (García-Charton et al., 2004) . 158 159 Kolmogorov-Smirnov test was used to compare size frequency of both sea bass and sea 160 bream visual counts before and after the massive escape, aiming to test previous 161 hypothesis on the possible alteration of size frequency of escapees in the wild due to 162 punctual massive escape events (Toledo-Guedes et al., 2009 
Year -Ye -Fixed, two levels (2009, 2010) . Test de influence of the massive escape 171 event over the analysed variables. 172
Season -Se -Fixed, two levels (March, October). Test possible cold versus warm 173 seasonal changes due to a higher winter release of farmed fish (Toledo-Guedes et al. 174 2014) . 175
Protection -Pr -Fixed, two levels (marine protected area -MPA-, highly fished area -176 HFA-). Test for differences in mTrL between MPA and HFA. 177
Locality -Lo -Random, nested in Protection (three levels). 178
Site -Si -Random, nested in Locality (three levels). 179 180 Again, environmental variables (arcsin+1 transformed), and distance to release point in 181 km, were added as covariates to remove their possible effect over mTrL. As the random 182 factor Locality remained not significant (p-value=0.657) in the first analysis, it was 183 pooled to gain power of analysis (Underwood, 1997) . For the interpretation of the 184 results, significant interaction terms with random factors involved were not taken into 185 consideration, as the higher level fixed factor effect remains relevant regardless of the 186 outcome of the interaction with a random factor (Quinn and Keough, 2002) . 187 were not associated to any known massive escape event; therefore, this group of fish 212 was assigned to recurrent leaking escapees (leak group). On the other hand, 32 fish were 213 caught in June 2010 in La Palma Marine Protected Area and, thus, due to the recent 214 massive escape and their schooling behaviour, were assigned to that event (massive 215 group). 216 217 All fish were measured (total length TL) to the nearest mm and weighted (accuracy of 218 0.01 g). The stomach intestine was separated from the body and its contents removed. 219 Prey items were counted by number, fresh weighted and identified to the lowest 220 possible taxonomical level. Thus, for each prey, percentage by number (N%) and 221 weight (W%), frequency of occurrence (O%) and the alimentary coefficient (Q = N% x 222 W%) were calculated (Hureau, 1970) . The importance of prey groups was assessed 223 using the following categories (based on values of Q and O%; Rosecchi and Nouaze, 224 1987): main preferred prey (Q>100, O%>30%); main occasional prey (Q>100, 225 O%<30%); secondary common prey (10<Q<100, O%>10%); secondary additional prey 226 (10<Q<100, O%<10%); accidental prey (Q<10). The index of relative importance (IRI) 227 (Pinkas et al., 1971 ) was also estimated, IRI = (N% + W%) x O%. Trophic level of both 228 groups of escaped sea bass were calculated as the mean weighted trophic level of the 229 food items plus one (Froese and Pauly, 2012) . 230 231 With the aim of detecting possible differences in the diet of recent escapees, non-metric 232
Multidimensional Scaling (MDS) was performed over Bray Curtis similarity matrix of 233 the weights of the three main prey groups found in stomach contents (i.e. insects, 234 crustaceans and fish). Moreover, PERMANOVA test was carried out comparing the diet 235 of the two groups using total length (TL) as a covariate, given that the diet of sea bass 236 changes during its life cycle in the wild (Kelley, 1987; Rogdakis et al., 2010) . Size frequency distributions in visual counts showed significant differences for sea bass 252 (Z=15.110; p<0.001) and sea bream (Z=6.948; p<0.001) before and after the massive 253 escape event. Mean TL of escaped sea bass (28.01±5.51 cm) and sea bream (28.39±8.08 254 cm) were clearly increased after the massive escape: sea bass and sea bream mean TL 255 was 40.35±9.3 cm and 43.73±3.52 cm, respectively (Fig 3a and b) . 256 257
Spatiotemporal patterns 258 259
As the random factor Locality remained not significant (p-value=0.657), it was pooled 260 to gain power of analysis. In this way, PERMANOVA detected spatiotemporal patterns 261 of mTrL, these patterns consisted in higher mTrL in 2010, during March and at HFA 262 localities when they are compared to 2009, October and MPA localities respectively 263 ( Pair-wise comparisons showed that biomass of escaped sea bass at the two sampled 268 areas was equal or higher than the sum of the other medium-high trophic level species 269 for all the sampled periods with the exception of October 2010 ( Fig. 5a ). Conversely, 270 biomass of escaped sea bream resulted always significantly lower than the biomass of 271 other species with similar trophic level ( Fig. 5b) . Table 3 shows the diet composition and importance of each prey for the two groups of 276 sea bass analysed. For the leak group (Table 3a) , fish was the main prey group, 277 followed by crustaceans, being the rest of the prey groups classified as accidental. It is 278 remarkable that only one individual was found with pellets in the stomach. Lower prey 279 diversity is observed in sea bass associated with massive escape (Table 3b ). In this case, 280 the main prey group was crustaceans; the most preferred being the decapod Percnon 281 gibessi. Regarding the vacuity index, leak group had a 33.9% of empty stomachs, while 282 the massive group showed a 12.5%. Trophic level of the massive escape group was 283 lower (3.2) than that of the leaking group (4.2). 284 285 MDS indicated that sea bass associated with massive escape in La Palma had a different 286 diet in comparison to the leak group (Fig. 6a.) . The ordination responds to the 287 importance of the three prey groups in the diet of each individual (Fig 6bcd) . The group 288 denoted as massive is situated in the area where crustaceans are the main item by weight 289 in the stomachs. PERMANOVA test confirms that sea bass of the leak and massive 290 groups had differing diets (p<0.001), irrespective of their sizes (TL), but size resulted in 291 an important variable when explaining the diet of escaped sea bass (p<0.001; Table 4 ). 292 The input of HTL fish by aquaculture through escapes events generates a "farming up" 296 process over shallow wild fish assemblages, rising their mTrL. This alteration was 297 exacerbated by the massive escape that also changed the size frequency distribution of 298 escaped individuals in the wild. Although temporal patterns of mTrL were the same in 299 both HFA and MPA, the latter showed certain degree of resilience to alterations on 300 mTrL. Moreover, escaped fish exploited natural resources according to their total length 301 and, possibly, depending on the time at liberty. 302 303 A clear increase in mTrL is observed due to the escaped fish. However, these alterations 304 seem to be related to the direct presence of escapees. The cultured (and escaped) species 305 have a TrL well above the mTrL of native fish assemblages found in shallow coastal
waters in the area, thus, the presence of escapees in the wild inevitably provokes a rise 307 in this indicator. Consistent temporal trends revealed that mTrL was higher in 2010, 308 after the massive escape event, but also in March sampling period when compared to 309
October in both years. This is in concordance with previous studies that found the same 310 temporal trends for the abundance of escaped sea bass in the wild (Toledo-Guedes et al., 311 2014) . This would correspond to a higher release of farmed fish during winter storms, 312 where top predators have been introduced; as Cephalopholis argus and Lutjanus 342 kasmira in Hawaii (Friedlander et al., 2002; Dierking, 2007) or the red lionfish (Pterois 343 spp.) that is now established and in rapid expansion in the western North Atlantic 344 (Whitfield et al., 2002; Schofield, 2009 ). Nonetheless, the success of these invaders is 345 based upon their ability to close their life-cycle in natural habitats, while populations of 346 escaped fish are strongly dependant on new escapees in the Canaries (Toledo-Guedes et 347 al., 2009 , 2012 . It is necessary to remark that our results are valid in the depth strata we 2010). Our results support the importance of fish's total length in its diet, and highlight 377 that trophic interactions posed by escaped sea bass could largely depend on the size of 378 the fish that escape. Nonetheless, time at liberty seems to be another factor explaining 379 the observed diet, actually a "hunting learning" period has been already suggested for 380 escaped sea bream in the Mediterranean (Arechavala-Lopez et al., 2012) . This 381 adaptation period would also account for the lower trophic level showed by recent 382 escapees (i.e. massive group), as they predated mainly over crustaceans that are less 383 mobile and thus, easier to catch than fish. 384 Reared fish, farmed escapees and wild fish stocks-a triangle of pathogen transmission 461 of concern to Mediterranean aquaculture management. Aquacult Environ Interact 
